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SUMMARY

Testswereconductedto determinetheeffectsof sting-support
interferenceonthezero-liftdragoftwobodiesof revolution(withand
withoutboattailing).Thestingsupportconsistedofa constant-diameter
stingfollowedby a stingflareterminatingina cylindricalsupport.
Variousstingdiameters,stinglengths,andstingflareangleswere
testedat Machnumbersof0.6to 1.4anda Reynoldsnumberof 8 million,
basedonmodellength.

In general,theadditionof thestingsupportcawed a foredrag
reductionanda decreaseinbasedrag. Themaximuminterferenceoccurred
athighsubsonicspeeds.At supersonicspeeds,theinterferencedecreased
rapidlyad approachedzeroat a Mch numberof1.4.

Forthemodeltithboattailingsupportedona l-inch-diametersting
witha 12°flareangle,bothforedragandbasedragwereaffectedby
changesin stinglengthwhenthestinglengthwaslessthan6.oand6.5
basediameters,respectively.Theforedx’agandbasedragwereaffected
by changesin stingdiameterfortheentirerangeofMachnumbers.

Forthemodelwiththecyl.indricslafterbody,theforedragwasnot
affectedby thestingsupport.However,thebasedragwasdependenton
thestingdiameter,butwasindependentof changesin stinglengthfor
lengthsgreaterthan5.5basediameters.

INTRODUCTION

Theimporkmceofunderstandingtheeffectsofmodelsupportinter-
ferenceonwind-tunneltestresultshaslongbeenrecognized.Thisprob-
lemhasbeenextensivelystudiedat subsonicandsupersonic6peeds..



However,withtherecentdevelopmentofthetransonlc
problemof supportinterferencemustbe consideredat
Informationpresentedin references1 to 6 showsthat
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windtunnel,the
trsmsonicspeeds.
sting-support

interference-isconsiderable,butadequateinformationforthedesignof
interference-freesting-su~ortsystemsislacking.Thepurposeofthe
investigationreportedhereinwasto,obtain@eqpateinformationforthe
designofminimuminterferencesting-supportsystemsfora boattailand
a cylindricalbciiywithturbulentboundaqylayerat~ch numbersfrom0.6
to1.4.
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.
x distancefrommodelnose

v e semivertexangleofthestingflare

Subscripts

B base

w freestresm

cr critical

fiPARATUSANDMODEIS

Theinvestigationwasconductedin theAmes2-by 2-foottransonic
windtunnelwhichisdescribedin reference7. Thewindtunnelis ofthe
closed-circuit,variable-densitytypewhichemploysa perforatedtest
sectionforcontinuoustra,nsonicspeedoperation.

Geometricdetailsofthetwomodelsusedin theinvestigationare
p;es:ntedin figure1. Bothmodelshada finenessratioof10with
Karmanogivenoses50percentofthebodylength.Theboattailmdel
(boattailfrom83to100percentof thebodylength)hada base-diameter
tomsximum-dismeterratioof0.575.Theslopeoftheboattailat the
baseis zero.Forpressuremeasurements,56 orificesof0.02-inch
diameterwereinstalledlongitudinallyalongbothmodelsas shownin
figure1.

Fortheinvestigation,themodelsweresupportedby varioussting-
supportconfigurationsandby a sidesupport.A photographofthese
supportsis showninfigure2. A sketchofa typicalsting-supportcon-
figurationis showninfigure3. Thestingsupportconsistedofa
constant-diameterstingfollowedby a stingflareterminatingina
2-1/2-inchcylilldritiSllp80rt.Forthesidesupportylussting
configurationsonlythe12 stingflarewasused.

Total&g measurementsweremadeby meansofan internalstrain-
gagebalance.Basepressure(i.e.,basedrag)wasobtainedby an orifice
insidethebaseofthemodels.Modelpressureswere$.ndicatedby a
liquid-in-glassmanometerandrecordedphotographically.
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TEsm AI%!)DATAREDUCTION w

Themodels.weretestedat zeroangleofattackthroughouttheMach v
numberrangeof0.60to 1.4,inclusive.TheReynoldsnumberwas8 mil-
lion,basedonmodellength.Totaldragandbasepressureweremeasured
whenthemodelswerestingsupported.When-thesidesupportwasemployed
(withorwithoutstings),base-pressureand_afterb@@pressuredistribu-
tionsweremeasured.Theboundary-layertransitionpointwasfixedat
20percentofthebcdylengthonbothmdels by a ringmadeof0.032inch
by 0.032inchbrass.me variousstingconfigu=tionswhichweretested
arelistedinfigure3. .-.

Subsonicwall-interferenceeffects,as showninreference7,were
smallenoughto requireno corrections.Interferencecausedby wall-
reflectedshockwavesatMachnumbersof1.06to1.1sareknowntobe
present;however,noassessmentoftheireffectshasbeenrmde.

Apartfrompossiblesystematicerrorsresultingfromneglectingthe
abovecorrections,theprobableerrorsinthedata,as determinedby a
root-mean-squareanalysisofdatascatter,areconsideredtobe as
follows:

c% = *0.005

C% = *0.004

M= K).003

RESULTSANDDISCUSSION

Theinterferencecreatedbya stingsupporthasbeenshownin
reference1 to resultfromtwocauses.Theseare,first,theinter-
ferencetotheflowresultingfromtheproximityofthestingflare,
referredtoas the“lengtheffect,”and,second,theinterferencetothe
flowresultingfromthepresenceoftheconstantdismetersting,referred
toas the“diametereffect.”It isknownthatthesetwointerference
effectshavecriticallimits.Theseare,first,thecriticalsting-
lengthtobase-diameterratio(2/~)cr,definedas theminimum2/~ for
obtainingthesame c% or.c~ aswouldbe obtainedforau “infinite”
lengthsting,and,second,thecritics+lsting-diametertobase-diameter
ratio(d/~)cr,definedas thenaximum
C% orC% aswouldbe obtainedfora

d/~ forobtainingthe
stingof zerodiameter.

same

.“

I.
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EffectofStingLength

Boattailmadel.-Thevariationsofdragcoefficientwith l/~ for
the1/2-andl-inch-dismeterstingsarepresentedinfiguresJ(a)and(b),
respectively.Itis seenthatthestinginterferencecauseda reduction
offoredragcoefficient.Themagnitudeofthisinterferenceincreased
from0.6Machnumberandreacheda maximumnearsonicspeed.Withfur-
thurincreasein speed,theinterferencediminishedquiterapidly.As
wouldbe expected,themagnitudeoftheinterferenceduetolengtheffect
wasamplifiedby theincreasedstingflareangle.

Thevariationsof (1/~)~r forforedragwithl.kchnumberforthe
1/2-andl-inch-diameterstingsarepresentedinfigures5(a)and (b),
respectively.Criticalvaluesof Z/~ increasedslightlywithincreas-
ingspeedsto a maxhmniat approximately0.95Machnumber.Withfurther
increasein speed,(Z/~)cr decreasedveryraPi~Y* It iSsJ-sonoted
thatthevaluesof (Z/@)cr ofthel-inch-timneterstingweregreater
thanthoseof thel/2-inch-dismetersting.Thecriticslvaluesof Z/m
ofthisinvestigationfora bodyofrevolutionareingoodagreementwith
thoseof reference1 fora wing-bodymodel.

~ical pressuredistributionmeasurementsforthreevaluesof z/DB
arepresentedinfigure6. Theinterference,intheformofpressure
disturbances,waspropagatedupstreamfora considerabledistanceat
subsonicspeeds,butwaslimitedto therearofthemodelat supersonic
speeds.Themagnitudesofthesedisturbanceswereprogressively
&bninishedwithupstreamdistance.

!&picalvariationsofthebasedragcoefficientwith Z/Dfjare
showninfigure7. A decreasein stinglengthcauseda decreaseinbase
dragcoefficient,themagnitudeofwhichincreasedwithstingflare
angle.Theoretically,thestingflarecanbe representedby a distribu-
tionof sourceswhosestrengthsaredeterminedby thestingflaresize.
Tunnell,inreference1, showedthatby thismethodthe (Z/~)cr for”
basedragcouldbe estimatedat subsonicspeeds.Thistheoreticalesti-
mateis showninfigure7 for e = 12°. Itis seenthatthetheoretical
(Z/~)cr comparequitewellwiththeq~en~ ~ues. AS mentioned
inreference7,numerical.agreementofbasedragwouldnotbe expected
sincethetheoryneglectedthepresenceofthemodel.

Thevariationsof (Z/~)cr forbasedragcoefficientwithWch
numberarepresentedin figure8. I% is seenthatthevaluesof (2/1%)Cr
forbasedragareapproximately0.5to1.0greaterthanthoseforfore-
drag. Sincethebaseis closerto thesourceofthedisturbance,this
resultshouldbe eqected.

Cylindricalmodel.-Forthecylindricalmodel,theforedragcoeffi-
cientwasunaffectedby thestingsupport(fig.9),indicatingthatthe
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interferencefieldwasconfinedto thecylindricalafterbody.~ical .
pressuredistributions,presentedinfigure10,indicatethattheinter-
ferenceeffectswereindeedlimitedtotherearofthemodel.Theinter-
ferenceeffectswerequitesimilartothoseof’thelmattailmodel,but r.
weresmaller.ForMachnumbersof1.2andhigher,theinterference
effectswerenegligible,evenfor 2/~ = O. However,forthemodelat
positionsotherthsmsymmetricallyinlinewiththefreestream,an
interferenceeffectwouldbe expected.

Thevariationsofbasedragcoefficientwith Z/~ (fig.11)were
similarto thosefortheboattailmodel.However,theincrementsinbase
dragcoefficientwerelargerduetothelargerbasearea. Theoretical
andexperimentalvaluesof (Z/DB)crcompare.quitewell. Variationsof

forbasedragwithMachnuniber(1-inch-disxnetersting)are
$4%)%! figure12. Thetrendsaresimilarto thosefortheboattail

—

model.Themsximum(Z/DB)crfor1 inchstingand12°stingflarewas5.5.—— —

EffectofStingDiameter

Boattailmodel.-Thevariationsofforedragcoefficientwith d/~
areshowninfigure13. All.testsweremadeat 2/Dfjratiosgreater

b

themcriticalforallstingdismetersinorderthatthelengtheffects
wouldbe negligible.Theinterferenceeffectsweresmalland,ingeneral, .
theforedragdecreasedwithincreasein stingdisneter.ForMachnmbers
over1.10,(d/~)cr wasapproximately0.65andatMachnumber1.4,
(d/DB)cr~S approximately1.0(i.e.,no interference).Thisagrees
withtheresultof reference3 whichshowedthattherewasno foredrag
interferencedueto stingdiemeterat a Machnumberof1.7. ~ical
pressuredistributionsatfour d/~ ratiosandtheintegratedboattail
dragvaluesarepresentedinfigures14and15,respectively.

Thediametereffectonthebasedragcoefficienti.sshowninfig-
ure16. Thebasedragincreasedwithdecreasingd/q ratio.At sub-
sonicspeedsjtherewasa smallinterferenceeffectforallstings
tested.At Machnumbersof1.2and1.4,(d/~) wasapproximatelyO.~.
Smalldiscrepanciesbetweenthedataforthest~~gandstingplusside
supportareduetomutualinterferencesbetweenthetwosupports.

Cylindricalmodel.-Aswouldbe expected,therewasno interference
inforedragdueto stingdiametereffectfortheentirekh number
range(fig.17). Also,thepressuredistributionsovertheafterbody
werenotaffectedby changesin stingdiameteras showninfigure18.

Thevariationsofbasedragcoefficientwith d/~ areshownin
.

figure19. It isseenthatthebasedragwasaffectedby allsting
diemeters.A mutualinterferencebetweenthestingandsidesupportis a



NAC!ARMA57109 7

apparentat transonicspeeds.Anotherphenomenonisthatthebasedrag
coefficient(i.e.,basepressure)changedabruptlywhen d/~ changed
fromzerotoa finitevalue.

CONCLtiIONS

Theresultsof thetestsshowthefollowingeffectsof sting-support
interferenceontheforedragandbasedragoftheboattailandthe
cylindricalmodel:

1. Themaximumsting-supportinterferenceeffectsoccurredat
approximately0.95Machnumberandweresubstantiallysmallerat
supersonicspeeds.

2. Fortheboattail.modeltested,foredragandbasedragdatafor
a stingflaresingleofX2°andsting-diameterh base-diameterratioof
().87werefreefromsting-lengthinterferencewhenthestinglengthwas
greaterthan6.omd 6.5basediameters,respectively.However,there
wasalwayssm interferenceonbasedragfromthestingUameter.

G

3. Forthecylindricalmodeltested,theforedragwasindependent
of thestingsupport.However,thebasedragwasaffectedlythesting
diameter,butwasnotaffectedby stinglengthforlen@hsgreaterthan:
5.5basediameters.

AmesAeronauticalLaborato~
NationalAdviso~CommitteeforAeronautics

MoffettField,Cslif.,Sept.9,1957
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Figure18.- Typicalpressuredistributionsforvarioussting-diameter
base-dismeterratios;cylindrical.model;8 = 12°;Z/~>(Z/@)cr.
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.2 Figure19.- variationsofbasedragcoefficientwithsting-di~tertobase+kbmeter~tio;
p cylindricalmlael;e = MO; 2~>(2~)cr.
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